This paper follows directly from Part I which contains not only the description of the facilities and the results for the C106 four-stage compressor but also the background, list of nomenclature, acknowledgement and references. The discussion and conclusions for Part I and Part II are given here. The single stage compressor results show the significant effects of inlet guide vane (IGV) wakes on mixing across the stage in the so called 'free stream' region; in the casing region tip clearance flow is shown to play an important role in mixing. Explanations for these results are given. Investigations were also carried out in a two-dimensional rectangular duct flow to reveal the mixing mechanism in the corner region similar to those formed by blade surfaces and endwalls in a compressor. Turbulent diffusion has been found to be the dominant mechanism in spanwise mixing; anisotropic inhomogeneous turbulent diffusion is mainly responsible for the non-uniform mixing in the comer region. The larger spread of tracer gas in the tangential direction than in the radial direction is mainly caused by the wake dispersion and relative flow motions within the blade wakes as well as secondary flow contributions in the end-wall regions.
Experimental Results

Deverson Single Stage Compressor Results: Rotor tip
clearance 3% chord
The similarity in mixing level across the first and the third stages of the C106 four stage compressor (reported in Part I) suggested that the low-speed single stage Deverson compressor could be used effectively to study mixing. Because of its greater size this made accurate measurements much easier. Unlike the 4-stage compressor, the Deverson compressor was designed to operate without inlet guide vanes. Fig.1 shows the pressure rise characteristics. All the tracer gas tests were carried out at the peak total pressure rise position, where the mass averaged flow coefficient was 0.51, marked by a vertical line in the figure. The inlet boundary layer was tripped well upstream of the rotor to simulate thick end-wall boundary layers in a multi-stage machine; measurements of flow angle and magnitude showed that the hub and casing wall boundary layers entering the stator each occupied about 20% span.
For tracer gas tests in the stator ethylene was injected at 20% of stator blade axial chord upstream of the leading edge of the stator and sampled at 62% of axial chord downstream of the trailing edge. For tracer gas spreading across the rotor ethylene was injected at 67% of rotor blade axial chord upstream of the rotor leading edge and sampled at 42% of axial chord downstream of the trailing edge, this sample plane was also the plane at which hot-wire measurements were made downstream of the rotor.
Mixing Across the Stator Without "IGV" Wakes:
The contours in Fig.2 show the ethylene spreading and the core migration across the stator blade row. In Fig.2 a) the ethylene contours are downstream of the stator with injection upstream of the row at 10%, 50% and 90% span, all at mid-pitch. In Fig.2 b) for contour 4 ethylene was also injected upstream of the leading edge of the stator at the position marked by a "x", 2 mm (1.3% span) from the hub and 22% pitch in the adjacent blade passage. For contour 5 ethylene was injected at mid-pitch of the stator blade passage and 2mm from the casing.
As described in Part I, movement of the core (position of peak concentration) is used to infer bulk movement of the flow, whereas spreading of the contours is used to infer local mixing. For contour 2, injection at 50% span, and contour 3, injection at 90% span, the core migrated about 5% span and 8% span in the spanwise direction respectively. This was due to the blockage from a large separation in the suction surface and hub comer extending on the blade surface out to about mid-span near the trailing edge, as shown by McDougall(1989) . Measurements showed that the radial shift of the peak ethylene concentration could be reduced significantly by introducing a small clearance at the stator blade hub, because this eliminated the corner separation, thereby reducing the blockage and the outward deflection of the flow. Since the flow through the whole stator blade passage had been shifted towards the casing and the pressure surface by the corner separation, these migrations of the peak concentration points will not be treated here as a mixing effect although they do bring about overall redistribution of the flow. The large core migration in the direction of rotation (i.e., towards the pressure surface) near the hub, about 88% stator blade pitch for contour 4 and about 25% stator pitch for contour 1, result from highly skewed inlet flow and also from the suction surface and hub corner separation. Furthermore all the contours in Fig.2 were stretched in the circumferential direction towards the pressure surface of the stator blade, resulting from the effect of the incoming rotor wakes on the flow across the stator, as pointed out in Part I for the 4-stage compressor results. The spanwise spreading of ethylene was increased in the corner formed by the pressure surface and casing, contours 3 and 5. This might be due to turbulence gradients across the blade boundary layer, to anisotropic turbulence close to the corner, to secondary flow (inlet skew to stator) or due to all of these. The distinct spanwise elongation of contours along the pressure surface found by Wisler et al.(1987) was not found in this machine at the positions examined. Contour distortion just became evident with injection near suction surface and 2mm (1.3% span) from the casing, as shown in Fig.2 c) . The core here was shifted towards the pressure surface along the casing and the contours were strongly elongated in that direction as well. The contours in Fig.2 c) were also stretched radially inward along the suction surface, though the bulk of the flow in the passage was moved towards the casing, as shown by the radially outward shift of peak concentration for contour 3 in Fig.2 a) . Even close to the blade surface in Fig.2 d) , the flow was shifted towards the casing by a similar amount to that in contour 3. However in Fig.2 d) , the tracer gas spread radially outward and inward relative to the peak concentration point along the blade surface with about equal magnitude; the radial spread was, however, larger than that normal to the blade on the pressure surface side. All the contours near the wall supported the idea that inhomogeneity and anisotropy of turbulence were responsible for the tendency for the tracer gas to spread further along the blade surfaces, the hub and the casing. Fig.2 b) , with injection close to the hub, provides a good example. The contour spreading along the hub was almost symmetric about the peak, but spreading in this direction was much greater than that along the span. This gave clear evidence of anisotropic turbulent diffusion rather than the systematic motion as an explanation for the increased spreading parallel to surface. The role of anisotropic and inhomogeneous turbulence in the mixing mechanism will be shown more clearly in the duct corner flow.
Contour 4 in
The ethylene spreading across the span was substantially different from that found in the C106 4-stage compressor: most noticeably it was very small in the mainstream region and large in the end-wall boundary layers. The spanwise mixing coefficients estimated from the ethylene contours are plotted together with the mixing coefficients on the four-stage C106 compressor in Fig.3 . The value near midspan is about a third of that obtained in the C106 or a quarter of that in the Cranfield compressor used by Gallimore(1985) . Near the casing the mixing coefficients are very high for the Deverson compressor compared with the C106 compressor. The loading of the Deverson stage is not significantly different from the other machines. In order to see the influence of inlet guide vane (IGV) wakes on mixing across the rotor and the stator, radial rods were placed upstream of the rotor spanning the annulus. The rods were circular in cross section, so that no turning would be introduced and the mean flow conditions into the stage should not be substantially altered. The rods were 4 mm in diameter, to give about the same momentum thickness as the stator blade wake at mid-span region, and were put upstream of the rotor at an axial distance equal to the rotor and stator axial gap. The rods had the same pitch as the stator. Fig.4 shows the ethylene spreading across the stator and rotor for injection at mid-pitch and mid-span, all at the peak total pressure rise point, 0 = 0.51. With the simulated IGV wakes upstream of the rotor, tracer gas contours downstream of the stator with injection upstream of it are shown in Fig.4 Fig.2 a) (obtained with no IGV wakes), the ethylene spreading was increased by 44% in spanwise direction and 67% in the tangential direction. For Fig.4 a) the rods were displaced circumferentially about half a stator pitch so as not to be aligned with the stator blades. However the increase in ethylene spreading was also about the same when the rods were circumferentially aligned with the stator blades. Although the mixing rate across the stator was increased significantly in the free stream region with the rods to simulate IGVs, the mixing rates inside the hub and casing boundary layers remained essentially unaltered and these results are therefore not shown.
a). Compared with Contour 2 in
Across the rotor the mixing rate without IGVs was very small outside the end wall region. As shown in Fig.4 b) , radial spread was only about 5% span, with the tangential elongation of the contours being caused by the rotor rotation. With rods to simulate IGVs, the mixing across the rotor was much larger, shown in remained at mid-span position. The flow within the rod wake was highly turbulent and the significant ethylene spreading in spanwise direction is explainable in terms of turbulent diffusion of the wake flow. However, the large ethylene spreading in the circumferential direction was a combined effect of turbulent diffusion and wake dispersion. The dispersion of the stator wake by downstream rotor blades had been known for many years, e.g., Smith(1966) , Lockhart & Walker(1974 ), Walker(1987 . The IGV wake is chopped into segments, terminated by rotor blades or their wakes, because each segment is transported at different speeds on the pressure and suction sides of the rotor blade passage. Downstream of the rotor, the IGV wake fluid is spread over an avenue of discontinuous segments terminated by rotor wakes, and these segments move in the tangential direction at the same speed as rotor blade. Using Walker's (1987) analysis the circumferential extent of the wake dispersion was estimated to be 0.46 of rotor pitch downstream of the rotor. The experimentally observed maximum dispersion of the wake was obtained by using the 5% ethylene concentration contour, shown in Fig.4 c) . Assuming isotropic mixing well away from solid surfaces the spanwise spreading distance of the tracer gas is subtracted from the circumferential spreading to give the measured dispersion. The resulting dispersion due to the wake chopping was 0.50 of rotor pitch which is in satisfactory agreement with the estimate of 0.46 obtained above. Walker(1987) also found good agreement between such predictions and the tracer gas results from Wisler et al.(1987) .
Mid-span circumferential traverses downstream of the rotor with a single hot-wire probe showed that phase-lock ensemble averaged turbulence intensities (the total unsteadiness after removing the periodic unsteadiness of the rotor) were increased significantly with rods upstream of the rotor to simulate IGVs compared with those without IGVs. Across the rotor the peak concentration point of tracer gas remained almost at the same position as injection, indicating that the radial secondary flow was small in the mainstream. It is therefore believed that the significant increase in turbulence intensities caused by the IGV wakes was primarily responsible for the larger spanwise mixing across the stator. The spanwise mixing coefficient across the stator with IGV wakes, is shown in Fig.3 at mid-span and is close to the values obtained in multi-stage compressors.
Deverson Single Stage Compressor Results: Rotor ti p clearance 0.7% chord
Apart from the absence of IGVs, the major difference between the build of the Deverson single stage compressor used for the results presented so far and the other compressors is the larger rotor tip clearance, 3% of chord compared to about 1.2% for the C106 fourstage compressor. Tracer gas measurements were subsequently taken across the stator of the Deverson compressor with the rotor blade tip clearance reduced to 0.7% of chord. Ethylene was injected at midpitch upstream of the stator at 98.7% span (2mm from the casing) and 90% span and was sampled downstream of the stator. The positions of injection and sample planes were the same as those for the 3% tip clearance tests.
The tracer gas contours measured downstream of the stator with small rotor tip clearance are shown in Fig.5 a) for the injection close to casing and in Fig.5 c) with injection at 90% span. Their counterparts at the large tip clearance case are shown in Fig.5 b) and Fig.5 d) for comparison. The tracer gas spreading across the stator was significantly reduced in both radial and circumferential directions when the rotor tip clearance was decreased.
The spanwise mixing coefficients for the 0.7% tip clearance case were deduced from the tracer gas spreading shown in Fig.5 and are plotted in Fig.3 as solid circles. With the tip clearance to blade chord ratio reduced the spanwise mixing coefficients across the single stage compressor stator were about the same as those in the C106 4-stage compressor: clearly tip clearance has an extremely strong effect on mixing near endwalls even in the rows downstream of that with clearance. Detailed measurements of the velocity field have been made downstream of the Deverson rotor by Dr A. Goto at rotor tip clearances equal to 0.7 and 3.0% of chord. At a flow coefficient of 0.51 the average casing boundary layer thicknesses are about 20 mm and 40 mm respectively. These thicknesses are very similar to the spanwise spread found for the contours with injection close to the casing wall shown in Fig.5 . The measurements of flow downstream of the rotor show much larger secondary flow near the casing with large clearance, there being a strong tip leakage flow across the pitch from suction surface to pressure surface. The 3% tip clearance produced a spanwise migration of the peak concentration location of about 8% span, nearly twice that of the 0.7% chord tip clearance, as shown by Figs. 5c and 5d . This extra migration is, however, towards the casing, and does not help to explain the significant contour spreading in the radially inward direction at the larger tip clearance. The extra tip clearance flow is, however, very important in producing a thick casing boundary layer, a well established effect, Smith (1970), Hunter & Cumpsty (1982) . The thick boundary layer and the large turbulent region associated with the clearance jet then cause the much greater spread of tracer gas and correspondingly higher mixing coefficient.
The extra tip clearance flow generates higher turbulence in the tip region. Fig.6 shows the turbulence intensity distribution across the casing boundary layer downstream of the rotor at tip clearances of 0.7% and 3.0% of chord at the same flow coefficient, 0.51, used for the tracer gas tests. They were measured by a single hot wire probe with the sensing wire perpendicular to the time mean streamwise velocity. What is actually shown in Fig.6 is the ensemble average of the unsteadiness, specifically the root mean square of the difference between instantaneous velocity and ensemble average velocity. The open symbols in Fig.6 show the entire signal with a frequency range from blade passing frequency upwards. Clearly the unsteadiness is very much higher at the larger tip clearance. It was noticed that the signals contain large amplitudes at low frequencies, frequencies comparable to the blade passing frequency; this is not turbulence in the normal meaning of the word, but differences in the rotor passage flow from one realisation to another. The low frequency components up to twice blade passing frequency were removed digitally to give the points shown in Fig.6 with solid symbols. (A test showed that virtually identical results would be obtained with filtering at three times blade passing frequency, so this choice is not critical.) With the low frequency unsteadiness removed the levels of what is more realistically described as turbulence are much lower. Nevertheless with 3% tip clearance the turbulence intensity is about twice that at smaller clearance. The rotor tip clearance can have little direct effect on the mixing level near the stator hub and cannot explain the higher levels of mixing there, evident in Fig.3 , for which the explanation is probably the poor local aerodynamics. The stator suction surface hub corner showed clear evidence of separation even at 0=0. 55, McDougall (1989) . At the same flow coefficient there is slight evidence of a small separated region near the rotor hub. These can be expected to give the raised levels of mixing near the hub shown in Fig.3. 
Duct Flow Results
As indicated in the introduction, both secondary flow and anisotropic turbulence can cause non-uniform mixing in particular directions. The experimental work by Wisler et al.(1987) had shown greater ethylene contour spread along the blade surface and the endwall than normal to the solid boundaries, particularly in the end-wall corner region. They attributed this to a combination of secondary flow and turbulent diffusion. In fact, turbulence is well known to be anisotropic close to solid surfaces, with larger velocity fluctuations parallel than normal to the surface. There are also turbulence gradients near solid surfaces and in the corner regions: the turbulence is inhomogeneous. In an experiment with foreign gas injection, larger spreading would therefore be expected to occur along the surface than normal to the surface even without any secondary flow effect. The corner flow in a rectangular duct is ideal for demonstrating the significant effect of anisotropic and inhomogeneous turbulent diffusion on mixing, provided any secondary flow is suppressed. However, even the corner flow in a rectangular duct can be complicated because of the mechanism of secondary flow of the so called second type. Secondary flow of the second type is driven by turbulent stress gradients, whereas secondary flow of the first type, conventional secondary flow, is generated by the turning of mean flow having non-uniform stagnation pressures. Both experimental and theoretical investigations for the second type of secondary flow are described in the literature, e.g., Prandtl (1952 ), Hoagland (1960 ), Bragg (1969 ), Gessner (1961 , Perkins (1970 ), Gessner (1973 and Nakamura et al.(1982) . Secondary flow of the second type develops slowly and is usually of small magnitude, see Perkins (1970) . The contours of turbulence intensities in the duct corner region A (see Fig. 1 in Part I) are shown in Fig.7 . They were measured by a single straight hot-wire probe. The peak levels were about 6% of the free stream velocity and decreased towards the duct corner bisector, with regions of higher turbulence on each side. The field is clearly inhomogeneous. The turbulence close to the walls would also be anisotropic, as has been measured by others, although it could not be measured by a single straight hot-wire probe during these experiments. Fig.8 shows the ethylene contour spreading in the turbulent duct flow. For all the tests the injection was 127mm upstream of the sampling plane. At the injection plane it can be assumed that there will be no secondary flow because of the proximity to the honeycomb. The ethylene contours at the sample plane in corner A, with ethylene injected at 12.2 mm from the side wall and 12.7 mm from the bottom wall, are shown in Fig.8 a) . The contours are almost circular, but with slightly greater spreading towards the bottom and the side wall surfaces caused by the higher turbulence intensity there. When the injection was close to the corner, however, the contours were significantly distorted, with larger spreading along the two solid surfaces. With injection at 1mm from each wall surface, Fig.8 b) , the contours were no longer circular relative to the peak concentration point and the spreading along the two wall surfaces was about 59 percent larger than along the corner bisector direction. The contour distortion was even more clear when the ethylene was injected at 3 mm from the side wall and 1 mm from the bottom wall, as shown in Fig.8 c) . Significant contour distortion occurred along the side wall in an area about 3 mm from the wall, a region of very high turbulence as shown in Fig.7 . There was a small shift of about 1.5 mm in peak concentration point towards the side wall. The ethylene spreading along the bottom surface was in the direction opposite to the peak concentration point shift, and was much larger than that along the corner bisector direction. The contours shown in Fig.8 c) are similar to those obtained by Wisler et al.(1987) in the blade pressure surface -casing wall corner of the third stator of their four-stage research compressor.
The core migration in Fig.8 indicates that secondary flow (of the second type) existed in the corner region. Flow angle measurements by rotating a single straight hot-wire probe showed that the maximum flow angle deviation from that at the center of the duct occurred close to the wall: 1.75° at 10mm from the side wall. The maximum possible secondary flow velocity (of the second type) calculated from the highest flow angle measured close to the wall, was less than 2% of the mainstream velocity. The core migration by this secondary flow was compared with the amount by which contour spreading along the wall surface exceeded that along the corner bisector. The core migration attributable to secondary flow accounted for about 25% of the larger contour spreading near the surface. The remainder of the spreading along the surface must be contributed by the anisotropic, inhomogeneous turbulent diffusion. Since, however, the secondary velocity of the second type is created directly by turbulence, it is not inappropriate to attribute all of this spreading to the effect of turbulence.
For flows in compressors, the boundary layer along the blade surface would be normally thinner than on the endwall. To simulate this, the thin flat plate ( 280 mm long) was fitted in the middle of the duct and the ethylene was injected in corner B formed by the plate and the duct bottom wall. The contours are shown in Fig.8 d) . Significant contour distortion again occurred along the solid surfaces, in particular along the flat plate. Further away from the corner region the contours were less distorted, as shown by the lower concentration contours. The behavior of mixing with the plate was generally very similar to that in comer A.
The mixing coefficients in the corner flow derived from the tracer gas contours in Fig.8 were all very similar and the mean normalized mixing coefficient was 5.7x10 -4, comparable to values in the endwall regions of the C106 4-stage compressor shown in Fig.3 .
Discussion
The mixing coefficients for the single stage compressor without inlet guide vanes were significantly different from those of the C106 4-stage compressor: much higher in the end-wall regions and significantly lower in the main stream region, see Fig.3 . In the main stream region the difference between mixing coefficients observed for these two machines was clearly shown to be the absence of IGVs in the single stage compressor.
The effect of compressor blade loading on mixing had been demonstrated by Wisler et al.(1987) . This was believed to be another influential factor for the different mixing levels observed in the present experimental results. The C106 4-stage compressor stator blades were designed with a diffusion factor of 0.4, almost uniform across the span. For the single stage compressor, however, the stator blades were more heavily loaded with an almost constant design diffusion factor of about 0.5 outside the end wall boundary layer. Previous oil dye visualization studies by McDougall(1989) , and those taken by the present authors, had shown separations in the corners formed by the end-walls and the stator blade suction surface even at design and near design conditions. Separation in the suction surface -casing corner was much smaller than the separation in the suction surface -hub corner. With separation present in the end wall regions, increased mixing would be expected.
In Fig.3 the spanwise mixing coefficients across the third stator of the Cranfield 4-stage compressor, referred to as compressor A by Gallimore & Cumpsty (1986) , are also shown for comparison with the C106 four-stage and the Deverson single stage compressor results. The design parameters for the stators of the Cranfield and the single stage compressors were similar: both compressors have shrouded stators but the Cranfield compressor rotors had a tip clearance of 1.5% chord. In the mainstream all the mixing coefficients were similar to each other, except for that of the Deverson compressor without IGVs. Near the hub the spanwise mixing coefficients for the third stator of the Cranfield compressor and the stator of the single stage compressor were very similar but larger than those of the C106 four-stage compressor, which was unshrouded. Near casing the value of the mixing coefficient for the Cranfield compressor was noticeably lower than that of the Deverson single stage with a tip clearance to chord ratio of 3%, but larger than those of the C106 four-stage and the single stage at small tip clearance.
An empirical model for the prediction of spanwise mixing coefficients in a multi-stage compressor was given by Gallimore and Cumpsty (1986) and was expressed as
This was used to calculate the normalized mixing coefficient EIVZLS for the C106 compressor using the measured stage loss coefficient co and flow coefficient 0, the blade trailing edge thickness t and A = 0.4, as used by Gallimore & Cumpsty. Since the C106 four-stage compressor blades have controlled diffusion airfoils with relatively thick trailing edges and the blades were designed to have attached flow at the trailing edge, it was thought that the blade trailing edge thickness would be more representative of the typical length scale of turbulent eddies in this compressor. A normalized mixing coefficient of 4.5x10 -4 was estimated for design point operation and this is shown in Fig.3 by the dashed line. It is very close to the values derived from tracer gas tests for the four-stage compressor.
Kotidis (1988) studied mixing across a transonic rotor and found significant diffusion of tracer gas across the entire span. His instrumentation was sufficiently fast that the concentration of the tracer gas in the wake of the rotor was rather apparent. High frequency instrumentation also revealed the presence of strong spanwise vortices in the wakes and it is believed that substantial radial flows take place along the cores of these vortices. If this is also the mechanism dominating mixing away from the endwalls in the compressors used for the present study, as well as those used by Gallimore & Cumpsty (1986) and Wisler et al. (1987) , it is inappropriate to refer to it as turbulence, though this catch-all term is retained here. One can, nevertheless, see why high levels of turbulence and high rates of mixing would be found in the same regions even when mixing is produced by motion inside large eddies: the shed vortices can be random and unsteady, and the flow in the blade wake is inevitably turbulent.
Conclusions
The following conclusions are drawn based on the experimental observations reported and discussed in this two parts paper. 1).
There are substantial circumferential fluid motions in the compressor end-wall regions due to the effects of end-wall boundary layer skew and secondary flows. However, there was little spanwise motion attributable to this in the C106 four-stage compressor tested. The fluid migration towards the casing over most of the stator blade passage of the single stage compressor was caused by the blockage arising from a separation in the stator suction surface -hub wall corner.
Despite the large skew of the hub wall boundary layer through the single stage compressor stator, no significant ethylene contour distortion onto or along the pressure surface was observed in the hub corner. In the corner formed by the casing wall and suction surface there was elongation of ethylene contours radially inward along the blade surface for the single stage, but without any sign of the core being moved radially inward by the flow. 2).
The substantial mixing away from the endwalls in the tangential direction, particularly across the rotor, is mainly due to flow dispersion or chopping of wakes from upstream by the rotating blades.
3).
The dispersion by the rotating blade row of wakes from a stationary upstream row can cause a significant increase in the mixing coefficient in the mainstream across the subsequent stator row by generating periodic patches of random unsteadiness. 4).
The relative fluid motion inside the rotor blade wakes is mainly responsible for the larger tangential mixing across the stator in the mainstream region. Low momentum fluid is transported towards the pressure surface of the stator blade by the relative motion in the rotor wakes. 5). For the Deverson single stage compressor, the mixing coefficient at mid-span region in the stator was low without IGVs upstream of the rotor; the mixing level was increased significantly with IGVs upstream and was then close to the value in a multistage machine. For the C106 four-stage compressor with inlet guide vanes, the spanwise mixing coefficients were found to be of similar magnitude for the different stages. The mixing coefficient in the mainstream was about the same, whilst in the end-wall regions it was slightly higher in the first stage. The effect of wakes on mixing is not additive and it is concluded that this is because the blade wakes decay rapidly through succeeding blade rows. 6).
Tip clearance flows play an important role in the mixing process by thickening the endwall boundary layer and by creating high levels of turbulent diffusion in the endwall region. The radial distribution of spanwise mixing coefficients can be approximately uniform or can vary significantly: large casing tip clearance and hub corner separation have been found to lead to locally increased mixing levels near the endwall. 7).
Tests with a simple flow in a duct confirmed that anisotropic turbulence can produce tracer gas contours in corners distorted in ways similar to that sometimes previously found in compressors. Anisotropic turbulence is responsible for the greater diffusion parallel to solid walls than normal to them. 8). It is, therefore, concluded that a random mixing process, referred to as turbulent diffusion for convenience, is the dominant mechanism of spanwise mixing in axial flow compressors. Anisotropic inhomogeneous turbulent diffusion is mainly responsible for the non-uniform mixing in the corner flow and along solid surfaces. Mixing in the tangential direction, particularly along the end-walls, is usually larger than the radial mixing because of the combined effects of secondary flow convection, periodic transportation by the rotor blade wakes and anisotropic inhomogeneous turbulent diffusion.
